2-Anthraquinone-modified oligonucleotide (AQ-ODN) possessing disulfide terminus has been immobilized on the gold electrode surface.
INTRODUCTION
Electrochemical detection of specific DNA sequences has been a current subject of intense research. Several approaches to the electrical detection of DNA by an appropriately modified electrode have been reported. One possible approach has been demonstrated by the use of a redox-active DNA intercalator as an affinity ligand of double-helical DNA.
A naphthalene diimide intercalator containing two ferrocenyl groups has been shown to possess greater affinity for double-helical DNA than for single-stranded DNA, providing an electrochemical method for monitoring DNA hybridization.
1
The electrocatalytic signal of methylene blue coupled to [Fe(CN) 6 ]' 3 has been used for basemismatch detection as a probe of charge transport through DNA.
2
The other approach has been conducted by covalent attachment of a redox-active molecule into the specific site of oligonucleotide. 3 We have shown a method for incorporation of an anthraquinone group, a redox-active intercalator, via one carbon tether to the 2'-position of DNA.
4
Binding of the anthraquinone-modified oligodeoxynucleotides (AQ-ODN) to their complementary DNA sequences has resulted in the duplexes significantly stabilized by intercalation. 4 The intercalation of anthraquinone moiety has been evident from 'H nmr spectral studies. 5 The cyclic voltammetric responses of the anthraquinone moiety bound to ODN were altered upon transfer into hydrophobic core of duplex exhibiting a measurable signal for monitoring hybridization in solution. 6 The attractive feature of our AQ-ODN is that an anthraquinone group can be placed at the designated base-pair pocket in double-helical DNA. It is therefore anticipated that AQ-ODN modified electrode would provide a useful device in study of electron transfer though DNA as well as in electrochemical DNA detection.
RESULTS AND DISCUSSION
Anthraquinone-modified oligonucleotide possessing a disulfide terminus has been synthesized according to automated solid-phase techniques. 7 The Au[lll] surfaces onto mica or silicon wafer were prepared by a vapor deposition method.
The electrodes were then modified by incubation of 0.1 -1.0 mM solutions of single-(ss) or double-stranded (ds) AQ-ODN-3'-C2-S-S-C 2 -0H in 10 mM sodium phoshate and 100 mM NaCl (pH 7) at room temperature for 24 h. An AMF image of the resulting surface is shown in Figure 1 .
The image of the gold surface after the modification with single-stranded AQ-DNA exhibited the grains that were not observed on the unmodified surface. Electrochemical characterization of the modified electrodes was carried out in a three-electrode cell, consisting of the modified Au electrode (ca. 0.2 cm 2 geometrical area), a Pt-wire auxiliary electrode, and a Ag/AgCl reference electrode.
All measurements were carried out at 22 °C in phosphate buffer (pH 7) containing 10 mM sodium phosphate and 100 mM NaCl that has been thoroughly degassed with nitrogen.
The AQ group of both ss and ds ODN at the electrode surface exhibited the symmetrical peaks and provided E )/2 of -0.47 V (vs Ag/AgCl) for ss and -0.42 V for ds. This observation is comparable to that the E 1/2 of the AQ was positively shifted (0.02 -0.03 V) upon binding of AQ-ODN to DNA in solution. 6 A plot of cathodic peak current (ipc) vs scan rate (v) was linear, thus confirming that the observed CV responses of ss and ds AQ-ODN are derived from the surface confined redox-active molecule. It is well-known that the dependence of the separation of the electro-reduction and electro-oxidation peaks (AEp) on the CV scan rate (v) is a good indicator for electron transfer rate between the redox center and the electrode.
31
"' 8 At all the same CV scan rates AEp for ss AQ-ODN was wider than that for ds AQ-ODN, strongly indicating that the AQ-ODN modified electrode exhibited faster electron transferability in double-stranded form than that in single-stranded form.
In summary, we have demonstrated that anthraquinoneoligonucleotides immobilized on gold surface have potentially useful properties as an electrochemical probe of DNA.
Further researches are in progress to evaluate full properties of the present DNA chip in distance/driving force dependent electron transfer though DNA as well as in mismatch base detection.
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